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Fe1−xCrxVSbO6 solid solution is semiconductor with the activation energy decreasing both in the intrinsic
and extrinsic conductivity temperature regions as the Cr-content increases. The n-type conduction is observed for
Fe-richer samples while a change of the Seebeck coefficient (from n to p)  for Cr-richer ones. Magnetic isotherms
for all samples of solid solution under study are characteristic of the universal Brillouin function, indicating para-
magnetic response. These effects are discussed within the framework of the appearance of the mixed valence of
both Fe and Cr ions.
DOI: 10.12693/APhysPolA.124.833
PACS: 72.20.Pa, 72.80.Ga, 75.20.−g
1. Introduction
In the recent years, an intensification has been ob-
served in the field of research on multicomponent ox-
ide system, which is frequently aimed at obtaining new
materials of interesting functional properties. The com-
pounds with general formula M′MSbO6, where M′ = Fe,
Cr, Al; M = V, Ru, Ti have been reported and char-
acterized recently because of their interesting electrical,
magnetic and catalytic properties [17]. Among these
FeVSbO6 and CrVSbO6 are isostructural and crystallize
in the tetragonal system and possess a rutile-type struc-
ture (space group P42/mnm, Z = 2) [1, 4, 5]. A new
solid solution with chemical formula Fe1−xCrxVSbO6
forms also a tetragonal structure of rutile-type in the
whole components concentration range (0.0 < x < 1.0) of
the FeVSbO6CrVSbO6 system [8]. The structural inves-
tigations showed that the contraction of Fe1−xCrxVSbO6
solid solution crystal lattice increased with increasing de-
gree of Cr3+ ion incorporation into the FeVSbO6 struc-
ture [8].
This paper presents the electrical properties of
Fe1−xCrxVSbO6 solid solutions as well as the magnetic
isotherms measured in the magnetic field up to 14 T.
2. Experimental details
The samples for the synthesis of solid solutions
Fe1−xCrxVSbO6 were prepared from suitable mixtures of
oxides and from the separately synthesized compounds:
FeVSbO6 and CrSbVO6 in air and in argon atmosphere
by the conventional solid-state reaction technique accord-
ing to the equations given in the work [8]:
(1− x)Fe2O3(s) + xCr2O3(s) +V2O5(s) + Sb2O4(s)
= 2Fe1−xCrxVSbO6(s.s.)
and
(1− x)FeVSbO6(s) + xCrVSbO6(s)
= Fe1−xCrxVSbO6(s.s.).
Monophase samples containing the solid solution were
characterized by XRD and SEM methods. Figure 1
presents a fragment of a diffraction pattern and Fig. 2
 SEM image of the Fe1−xCrxVSbO6 solid solution for
Fig. 1. XRD pattern of the Fe0.5Cr0.5VSbO6 solid so-
lution.
Fig. 2. SEM images of Fe0.5Cr0.5VSbO6.
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x = 0.5. Obtained results were almost identical to de-
scribed in the paper [8].
The electrical conductivity σ(T ) of Fe1−xCrxVSbO6
has been measured with the aid of the DC method in the
temperature range 76400 K using a KEITHLEY 6517B
Electrometer/High Resistance Meter. The thermoelec-
tric power S(T ) was measured in the temperature range
300600 K with the aid of a Seebeck Effect Measurement
System (MMR Technologies, Inc., USA). The magnetiza-
tion isotherm was measured in the zero-field-cooled mode
at 4.2 K using a vibrating sample magnetometer with a
step motor in applied external fields up to 14 T [9].
3. Results and discussion
The results of σ(T ) measurements presented in Fig. 3
for Fe1−xCrxVSbO6 (where x = 0.0, 0.05, 0.25, 0.5, 0.75,
0.9, and 1.0) showed a typical Arrhenius behaviour with
two values of the activation energy in the temperature
range 76400 K. The activation energy Ea, determined
from the formula σ = σ0 exp(−Ea/kT ), decreases for
both the intrinsic and extrinsic conductivity temperature
regions from 0.11 eV for x = 0.0 to 0.05 eV for x = 1.0
and from 0.33 eV for x = 0.0 to 0.27 eV for x = 1.0, re-
spectively. In general, σ(T ) increases as the Cr-content
increases.
Fig. 3. Electrical conductivity (lnσ) vs. reciprocal
temperature (103/T ) for Fe1−xCrxVSbO6.
Fig. 4. Thermoelectric power S vs. temperature for
Fe1−xCrxVSbO6.
Fig. 5. MagnetizationM vs. magnetic field µ0H at 4.2,
10, 20, 40, 60, and 80 K for FeVSbO6.
Fig. 6. Magnetization M vs. magnetic field µ0H at
4.2, 10, 30, 40, 60, 80, 100, 140, and 180 K for
Fe0.5Cr0.5VSbO6.
Fig. 7. Magnetization M vs. magnetic field µ0H at
4.2, 10, 20, 40, 60, 80, 100, 140, 160, and 180 K for
CrVSbO6.
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The results of S(T ) measurements presented in Fig. 4
for Fe1−xCrxVSbO6 solid solutions revealed n-type con-
duction for Fe-richer samples while a change of the See-
beck coefficient (from n to p) is observed for Cr-richer
ones. In general, S(T ) increases as the Cr-content in-
creases. For all the solid solutions under study a rather
well defined linear slope of S(T ) (diffusion thermopower)
which extrapolates to (0, 0) was found. It means that
the Cr-substitution does not essentially influence on the
diffusion electronic transport at high temperatures but
this effect is larger at lower temperatures.
The results of magnetic measurements presented in
Figs. 57 for Fe1−xCrxVSbO6 (where x = 0.0, 0.5
and 1.0) showed typical behaviour for paramagnets. The
magnetic isotherms with zero coercivity and remanence
do not reach the saturation magnetization in the mag-
netic field up to 14 T. At low temperatures the shape of
magnetic isotherms is characteristic of the universal Bril-
louin function while at higher temperaturesM vs. µ0H is
linear. It indicates paramagnetic response [10]. With in-
creasing Cr-content in a sample the magnetic moment
at 14 T increases from 0.49 µB/f.u. for x = 0.0 via
0.63 µB/f.u. for x = 0.5 to 0.88 µB/f.u. for x = 1.0.
4. Conclusions
The results mentioned above suggest that the changes
of the electrical conductivity may be connected with the
appearance of the mixed valence of Fe ions as it was ob-
served in Fe2V4O13 doped with Mo [11, 12]. On the other
hand, the increase of both the intrinsic conductivity and
the Seebeck coefficient can come from the charge compen-
sation linked with the recombination of the current carri-
ers, which takes place throughout the localized states in
the forbidden band [13]. The nature of these states can be
linked with the existence of the structure defects and the
grain-boundaries with the depletion layers of the adjacent
grains. From the other side simultaneous growth of the
magnetic moment as well as the electrical conduction,
particularly at low temperatures can point out to the
presence of chromium ions with the different valence [13],
as it was for example observed in Zn1−xCuxCr2Se4 [13],
ZnxCuyCrzSe4 [14] and CuxCoyCrzSe4 [15] spinel series.
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